The response of an e l e c t r o s t a t i c probe i s examined w i t h r e f e r e n c e t o t h e probe geometry. The study involves t h e evalua t i o n of t h e probe X f u n c t i o n , from which r e s p o n s e -r e l a t e d c h a r a c t e r i s t i c parameters can be d e r i v e d . These parameters enable t h e probe d e t e c t i o n E n si t i v i t y s and s a t i a l s e l e c t i v i t y S t o be q u a n t i t a t i v e l y a s s e s s e d .
Introduction

E l e c t r o s t a t i c probes a r e f r e q u e n t l y employed t o measure charges on i n s u l a t i n g s u r f a c e s . M o s t p r o b e s c o n s i s t e s s e n t i a l -
ly of a long c y l i n d r i c a l s h a f t a t e a r t h p o t e n t i a l , w i t h a c i r c u l a r conducting d i s c i n s u l a t e d f r o m b u t m o u n t e d c o a x i a ll y a t t h e end of t h e s h a f t . The p o t e n ti a l of t h e d i s c l s e n s o r -p l a t e i s f l o a ting. Charges a r e e l e c t r o s t a t i c a l l y i nduced on the s e n s o r p l a t e by t h e ambient s u r f a c e charge, and t h u s a s t h e probe i s m o v e d p a r a l l e l t o t h e i n s u l a t i n g s u r f a c e t h e p o t e n t i a l o f t h e s e n s o r p l a t e v a r i e s .
The probe s e n s o r -p l a t e p o t e n t i a l , which i s t h e measured parameter, p r o v i d e s t h e i n p u t d a t a necessary t o q u a n t i f y t h e s u r f a c e charge.
response of a probe [ 2 -4 1 . I n t h e p r e se n t s t u d y , t h e i n f l u e n c e of t h e probe geometry i t s e l f upon t h e X f u n c t i o n i s examined. T h e r e a f t e r t h i s knowledge ena b l e s t h e response of t h e probe w i t h r es p e c t t o d e t e c t i o n s e n s i t i v i t y and s p a ti a l r e s o l u t i o n t o be q u a n t i f i e d .
The A Function
The X f u n c t i o n r e l a t e s t h e charge i nduced on t h e probe t o any charges w i t h i n t h e d i e l e c t r i c volume o r a t an i n t e r f a c e
[l]. I f it i s assumed t h a t t h e volume charge d e n s i t y w i t h i n t h e s o l i d d i e l e c tr i c i s zero, then t h i s r e l a t i o n s h i p can
be expressed simply a s
A0
where q i s t h e P o i s s o n i a n induced charge on t h e s e n s o r p l a t e , and CT i s t h e s u rf a c e charge d e n s i t y on t h e s u r f a c e e l ement dA of A,, t h e s u r f a c e of t h e s o l i d d i e l e c t r i c .
The dimensionless parameter X i s a s o l ut i o n of t h e g e n e r a l Laplace e q u a t i o n f o r t h e complete system geometry: v i z .
The r e l a t i o n s h i p between t h e charge i n -The boundary conditions are = at duced on the probe (change in potential) t h e probe s e n s o r -p l a t e and = 0 a t a l l and the surface charge density at the o t h e r e l e c t r o d e s . I n a d d i t i o n , a t a d i ei n s u l a t i n g surface is in l e c t r i c i n t e r f a c e t h e normal d e r i v a t i v e s t e r n s of a g e n e r a l f u n c t i o n , t h e X fun- where the t and -signs refer to the opposite sides of the interface. As (2) is just Laplace's equation, any standard method of solving this equation can be employed to evaluate the variation of X at the surface. On this occasion, solutions of Laplace's equation were obtained using a finite element software package. These solutions are then utilized to study the dependence of the probe response upon its geometry.
Probe and System Geometry
The actual geometry of the probe used in this study is shown in Fig.la , in which r is the radius of the sensor plate and x is the radial distance from the probe axis. The outer radius of the probe guard ring is R, while the gap between the sensor plate and the guard ring is A. To minimise the influence on X of the probe shaft of length L, this latter parameter was dimensioned as large as possible. In the present case L was set to be greater than 90r. The probe itself is positionedperpendicular to a planar dielectric surface, at a heighth above the gas/dielectric interface; see The dielectric spacer, of relative permittivity E~, has a thickness t in a direction parallel to the .probe axis. The spacer ismounted on agroundedplanar electrode, see Fig. lb. In the direction normal to the probe axis, the extent of the solid dielectriclgrounded electrode is much greater than the outer diameter of the probe. With the present software this distance is set to 250r.
Results and Discussion
With respect to the probe itself, the dimensions originally employed by Pedersen (11 were used as a reference data set: R = 6r, A = O.lr and h = 0.5r. With respect to the spacer geometry, we select t = 20r and E = 4 . Fig.1 . The probe and system geometry.
From Table 1 , w i t h respect t o the reference data set, a r e d u c t i o n i n h l e a d s t o an i n c r e a s e i n X ( O ) , a r e d u c t i o n i n X ( 6 r ) b u t an i n c r e a s e i n X ( 6 0 r ) . I n gene r a l , an i n c r e a s e i n h produces t h e opp o s i t e behaviour. Changing t h e value of R has a n e g l i g i b l e e f f e c t on X ( O ) , see Table 2 .
e geometry of a ( A = 0 ) boundary. The i n f l u e n c e of A upon X ( 0 ) i s minimal, see Table 3 , although i n c r e a s i n g v a l u e s of A l e a d t o an o v e r a l l i n c r e a s e i n t h e X ( 0 ) v a l u e s , and v i c e v e r s a . Changes i n X ( 6 r ) and X ( 6 0 r ) a r e more marked.
The s i g n i f i c a n c e of t h e changes i n t h e t a b u l a t e d X v a l u e s can be q u a n t i f i e d by examining t h e behaviour of two o t h e r p a rameters; viz. S (x) a n d S ( x ) . Thesepare P ameters d e s c r i b e t h e d e t e c t i o n s e n s i t i vi t y and t h e s p a t i a l r e s o l u t i o n , r e s p e c t -
i v e l y .
I f (x,y) r e p r e s e n t c y l i n d r i c a l coordina t e s , s e e F i g . l b , t h e n f o r a d i s c o f cons t a n t s u r f a c e d e n s i t y U l o c a t e d a t a d i e l e c t r i c i n t e r f a c e , t h e charge q i nduced on t h e sensor p l a t e i s given by
where x' i s a dummy v a r i a b l e , and a cons t a n t y r e p r e s e n t s a p l a n a r i n t e r f a c e . X(x) d a t a f o r v a r y i n g Note: ( -3 ) 2 1 0 The f i g u r e s i n bold r e f e r t o t h e r e f e rence d a t a s e t ( r e f e r e n c e p r o b e ) .
With r e s p e c t t o q , we i n t r o d u c e a d e t e c ti o n s e n s i t i v i t y S ( x ) d e f i n e d as e
0 charge d i r e c t l y beneath t h e sensor p l a t e . From Fig.2 , t h i s e q u a l i t y i s met The v a r i a t i o n of S f o r t h e r e f e r e n c e e probe i s i n d i c a t e d i n Fig.2 . It should f o r = 9 * 5 1 r * be noted t h a t Se(x) = 1 when t h e induced With respect to the reference probe, i ncharge i s equal i n magnit.de t o t h e c r e a s i n g l d e c r e a s i n g h l e a d s t o a de- % ) . e ducing R g e n e r a t e s an i n c r e a s e i n S e sp e c i a l l y when l a r g e a r e a s o f c h a r g e a r e I n t h e c o n t e x t of 4, we can a l s o d e f i n e being examined, w h i l e t h e o p p o s i t e e f -a s p a t i a l S e l e c t i v i t y f a c t o r S (XI a s f e c t i s o b t a i n e d by i n c r e a s i n g R, s e e follows P where x i s t h e maximum r a d i a l e x t e n t of t h e charged a r e a . Again a c o n s t a n t charge d e n s i t y cr i s assumed t o e x i s t a t t h e i n t e r f a c e . The parameter x allows t h e s p a t i a l s e l e c t i v i t y of t h e probe t o be q u a n t i f i e d . I n t h i s study x = 6 0 r .
The v a r i a t i o n of S f o r t h e r e f e r e n c e P probe ; i s shown i n F i g . 3 , curve 1. For a l a r g e a r e a of charge ( x = 1 0 R ) , t h e d i - I n c r e a s i n g l d e c r e a s i n g h e f f e c t i v e l y d e -2 : h l r = 0.25, 4 : h l r = 2 J A / r = 0.1 c r e a s e s l i n c r e a s e s s ( X I i n t h e range P 0 < x < 3R. For the situations considered, the maximum change is < 2 O X at the edge of the probe. Thus although h has a s i g n i f i c a n t i n f l u e n c e o n X ( 0 ) . this feature is offset by the product X ( x , y ) x in the integrals of (6).
agram i n d i c a t e s t h a t t h e charge n o t d i re c t l y under t h e probe c o n t r i b u t e s t h e
The influence of R on S is also shown in Fig.3 . Decreasing R from the reference value increases the proportion of the induced charge arising from the "external" charge. The opposite behaviour is observed by increasing R. Although R has a negligible effect on X ( O ) , the extension of the ( A = 0) boundary reduces the off-axis X values to such a degree that the induced charge contribution from the ouLer areas of charge now plays a minor role.
P
The influence of A on Sp is essentially negligible.
Conc lus ion
Through a study of a probe X function, the influence of the probe geometry upon the probe responsewas undertaken. Specifically, the study indicates the manner in which the detection sensitivity and the spatial resolution are influencedby the different geometric parameters. The guard-ring dimension exercises a dominating role, and can be adjusted to generate a narrow X distribution.
The X function approach provides quantitative design criter-ia such that for any given situationprobe dimensions can be readily optimised t o maximise the sensitivity. As shown in [5] , a surface scanningprocedure is essential. Aknowledge o f the probe X function enables a quantitative interpretationofthe probe signal to be undertaken.
